Phaeochromocytomas (PHEO) and paragangliomas are rare catecholamine-producing tumours. Although 10-30% of these tumours metastasise, histopathological criteria to discriminate malignant from benign tumours have not been established; therefore, reliable histopathological markers predicting metastasis are urgently required. A total of 163 tumours, including 40 metastatic tumours, collected by the Phaeochromocytoma Study Group in Japan (PHEO-J) were analysed using a system called grading system for adrenal phaeochromocytoma and paraganglioma (GAPP). The tumours were scored based on GAPP criteria as follows: histological pattern, cellularity, comedo-type necrosis, capsular/ vascular invasion, Ki67 labelling index and catecholamine type. All tumours were scored from 0 to 10 points and were graded as one of the three types: well-differentiated (WD, 0-2 points), moderately differentiated (MD, 3-6 points) and poorly differentiated (PD, 7-10 points). GAPP scores of the non-metastatic and metastatic groups were 2.08G0.17 and 5.33G0.43 (meanGS.E.M., P!0.001) respectively. There was a significant negative correlation between the GAPP score and the interval until metastasis (rZK0.438, P!0.01). The mean number of years until metastasis after the initial operation was 5.5G2.6 years. The study 
Introduction
Phaeochromocytomas (PHEO) of the adrenal gland and sympathetic paragangliomas (PGL) are catecholamineproducing tumours. Although 10-30% of these tumours metastasise, histopathological criteria that discriminate malignant from benign tumours have not been established and only the presence of metastasis is considered evidence of malignancy in the current WHO definition (Thompson et al. 2004) . Although most cases of PHEO/PGL are surgically curable, malignant PHEO/PGL are intractable diseases that require an early diagnosis and effective treatment. We organised a task force group for PHEO/PGL in Japan, the Phaeochromocytoma Study Group in Japan (PHEO-J) that was composed of endocrinologists, urologists, endocrine surgeons, radiologists, molecular biologists and pathologists and was supported by the Ministry of Health, Labour, and Welfare. The aim of the study was to survey PHEO/PGL in Japan. Based on the results of PHEO-J in 2012, the estimated total number of patients with PHEO/PGL was 2920, including 320 patients with metastasis. The proportions of patients with malignant, multiple, extra-adrenal and familial PHEO/PGL were 11, 12.7, 17.3 and 10% respectively (Naruse & PHEO-J Study Group 2011) . Among patients with malignant PHEO/PGL, 36.8% were initially diagnosed as benign and 59.6% showed absence of metastasis at initial operation (Naruse & PHEO-J Study Group 2011) . The results indicated the difficulties associated with differential diagnosis of malignant from benign disease in the absence of distant metastases and strongly emphasised the need to establish reliable histopathological criteria for predicting metastasis.
Many studies have attempted to discriminate benign and malignant PHEO/PGL. Of these, some molecular biomarkers such as the Ki67 labelling index (LI; Nagura et al. 1999 , Elder et al. 2003 , loss of cell adhesion molecules such as CD44 and human telomerase reverse transcriptase expression (van der Harst et al. 2000 , Elder et al. 2003 , August et al. 2004 ) have been proposed as useful markers for the detection of high-grade malignancy. However, these markers failed to detect low-and moderate-grade malignant PHEO/PGL. Although the presence of only one indicator does not allow a definite diagnosis of malignancy in PHEO/PGL, certain pathological features, such as size and site (O'Riordain et al. 1996) , local extension, angioinvasion, mitotic index/proliferative activity using Ki67 LI, irregular zellballen pattern, and presence of confluent (comedo-type) tumour necrosis (Zelinka et al. 2011) , have been used in previous studies (Kimura & Sasano 1990 , Linnoila et al. 1990 , Unger et al. 1991 . Such features have been combined in a scoring system named the Phaeochromocytoma of the Adrenal Gland Scaled Score (PASS) for use in diagnosis (Thompson 2002) . PASS was the first scoring system for diagnosis of adrenal PHEO. However, the reproducibility and clinical significance of PASS have not been established (Wu et al. 2009 ), probably because the PASS classification contains too many histological parameters that cover classical features of general malignancy rather than focusing on specific features of PHEO/PGL. In general, for endocrine tumours, the biological behaviour of the tumours usually reflects the differentiation of hormone-producing functions. Cell maturation and cell proliferation in endocrine tumours usually oppose each other; poorly differentiated (PD) tumours grow rapidly and cause poor prognosis whereas well-differentiated (WD) tumours grow slowly and metastasise later. The distinction between PD and WD tumours is important for the determination of a patient's prognosis. Kimura et al. (2005) presented a grading system for PHEO/PGL based on the concept that norepinephrine-producing tumours are less differentiated than epinephrine-producing tumours. However, this study was a report from a single institute and a multi-centre study is required. Here, we examined the materials gathered from a nationwide survey by PHEO-J using the previously described grading system, which we have named the grading system for adrenal phaeochromocytoma and paraganglioma (GAPP) to determine whether GAPP has clinical applications.
Recently, there has been rapid progress in the molecular analysis of PHEO/PGL and w16 genes responsible for PHEO/PGL have been discovered: NF1, von Hippel -Lindau disease (VHL), RET, SDHC, SDHD,  SDHB, SDHAF2, SDHA, TMEM127, MAX, IHD1, KIF2, HRAS, HIF2, PHD2 and FH (Gimenez-Roqueplo & Tischler 2012 , King & Pacak 2013 , Castro-Vega et al. 2014 . Of these, mutations in the succinate dehydrogenase genes (SDHA, SDHB, SDHC and SDHD) are responsible for a large percentage of hereditary PHEO/PGL syndrome (HPPS) cases, and it has been reported that an extra-adrenal site, recurrence and malignancy are strongly associated with the SDHB mutation (Gimenez-Roqueplo et al. 2003 , Neumann et al. 2004 . In this study, SDHB gene analysis was not available because of ethical considerations; however, immunohistochemical studies of SDHB were carried out using central pathological analysis. We attempted to clarify the features of metastatic and nonmetastatic tumours using GAPP classification and SDHB immunohistochemistry to facilitate the differential diagnosis of malignant from benign disease in PHEO/PGL.
Subjects and methods

Patients and tissues
A total of 994 patients from 178 institutes registered online. For ethical reasons, the registration was limited to adult patients. All data on patients were sent from each institute via a registration form. There were two types of forms: clinical registration and data for pathological analysis. Briefly, a clinical registration form was composed of date of informed consent, patient birthday, year, age, sex and present state (alive or dead), which were entered at the first registration. If there was no problem with registration, then the second step of registration started. Clinical information was composed of i) year and day of initial diagnosis, ii) family history, iii) clinical diagnosis at present, adrenal, extra-adrenal or unknown and also benign or malignant or unknown for each tumour, iv) location of tumours, v) number of tumours, single or multiple or unknown and vi) metastasis: absent, present or unknown. This survey research was carried out three times with 6-month intervals. The last time of follow-up was the time of the last registration. Metastasis was confirmed by imaging such as computed tomography (CT), magnetic resonance imaging (MRI) or iodine-131-meta-iodobenzylguanidine (MIBG) scintiscan, catecholamine analysis and operation if possible.
For pathological analysis, patient clinical information such as i) clinical diagnosis at the time of registration, ii) age and sex, iii) year of initial operation, iv) location of tumours, v) tumour size, vi) number of tumours, vii) metastasis: absence or presence (lymph node, bone, lung, liver and others, including what location and how many), viii) year and date of metastasis and ix) catecholamine data: plasma/urine, adrenalin, noradrenalin and dopamine were supplied.
Among these registrations, tumour specimens from 163 patients were voluntarily submitted for pathological analysis, including 123 without metastasis and 40 with metastasis. The mean age of patients was 50.7G15.5 years (range: 21-80 years). The duration of follow-up ranged from 1 to 33 years with mean follow-up duration of 6.61G0.74 (P!0.01, Grubbs-Smirnov examination). Twelve patients died of multiple metastases. The locations of the primary tumours were as follows: 127 in the adrenal glands, including 13 that occurred bilaterally, and 36 in extra-adrenal regions (28 in the retroperitoneum and eight in the urinary bladder).
The surgically removed tumours were fixed in 10% formalin and embedded in paraffin. Each institute prepared ten unstained glass slides with 3-mm thick tissue sections of the representative tumour tissues. These slides were sent to the National Hospital Organisation Hakodate Hospital for central pathological analysis. All pathological materials were associated with patients' clinical data, photographs of gross and cut findings of the tumours and original pathological diagnoses from each institute to provide information such as vascular or capsular invasion or histological variation that might be lacking in the section sent to Hakodate Hospital due to sampling errors.
Pathological analysis
All sections were subjected to haematoxylin and eosin staining, elastica-Masson trichrome staining to confirm vascular invasion and immunostaining for chromogranin A to confirm PHEO/PGL, Ki67 for proliferating cells, S100 protein for sustentacular cells, D2-40 to confirm lymph vessel invasion and SDHB for HPPS. Immunostaining for phenylethanolamine N-methyltransferase (PNMT) was performed in cases of epinephrine-producing extraadrenal PGL. Immunohistochemical procedures were performed using an automated immunostainer (Benchmark, Ventana, Tucson, AZ, USA) according to the manufacturer's protocol. The primary antibodies and final dilutions were as follows: chromogranin A (monoclonal, 1:200; Dako, Carpinteria, CA, USA), Ki67 (MIB1, monoclonal, prediluted; Novocastra, Burlingame, CA, USA), S100 (polyclonal, prediluted; Novocastra), D2-40 (monoclonal, prediluted; Nichirei Bioscience, Tokyo, Japan), SDHB (FL-280, polyclonal, 1:50, Santa Cruz Biotechnology, Inc. and HPA002868, polyclonal, 1:50, Sigma-Aldrich, Inc.) and PNMT (polyclonal, 1:500, Bioclone, Marrickville, New South Wales, Australia). The appropriate positive and negative controls were included in parallel.
For pathological analysis, we scored histological features based on the GAPP classification, which consisted of the following parameters: histological pattern, cellularity, presence or absence of comedo-type necrosis, vascular or capsular invasion, Ki67 LI (%) and catecholamine types produced by the tumours. More specifically, the histological pattern was classified into three types: zellballen, irregular zellballen and pseudorosette. The zellballen pattern is a specific pattern of the paraganglion system composed of nests of catecholamine-producing cells, sustentacular cells and capillaries surrounding these cells. The irregular zellballen pattern is a mixture of small and large irregular tumour cell nests in which the size of the larger nests is at least ten times that of the smaller nests. The pseudorosette pattern is characterised by centrally located, delicate vessels surrounded by tumour cells with cytoplasmic processes around them and corresponds to the pseudopapillary pattern in intrathoracic paravertebral PGL described by Lack (2007) . Irregular zellballen pattern or pseudorosette pattern is counted even if only focal. It is not necessary for these patterns to be diffuse. A diffuse growth pattern was not included in the score because, in the authors' experience, it is most common in adrenergic PHEO and usually innocent.
The scores of the histological patterns were 0, 1 and 1 for the zellballen, irregular zellballen and pseudorosette patterns respectively. If the pseudorosette pattern was observed even focally, it was counted as a score of 1. Cell number within a square (cellularity) was counted under high-power magnification (!400) using a 10-mm micrometer (Nikon S-6, Ver.YS1; Nikon, Tokyo, Japan) on an eyepiece. Two fields of the highest cellularity were used for counting to assess cellularity. Scores of 0, 1 or 2 were assigned for number of tumour nuclei !150, 150-250 or more than 250 respectively. The presence of comedo-type necrosis scored 2 points. Comedo-type necrosis was typically centrally located necrosis of a highly cellular nest. PHEO/PGL occasionally showed coagulation necrosis or scar formation in the tumour due to a sudden drop in blood pressure; such degenerative changes were not counted as comedo-type necrosis. For Ki67 LI, two of the most highly labelled areas (hot fields) were photographed at !200 magnification and were counted using a digital image analyser (Lumina Vision, Mitani Corp., Tokyo, Japan) and scored as 0, 1 and 2 for !1, 1-3 and O3% respectively. The number of cells counted was different case by case depending on cellularity; however, usually it was from 500 to 2000. Representative images are shown in Fig. 1 . Catecholamine type was provided by the clinical data. If the plasma or urinary epinephrine levels were abnormally high with or without elevated norepinephrine levels, the type was determined to be epinephrine and scored 0 points. If the norepinephrine levels were high in the absence of elevated epinephrine levels, with or without elevated dopamine levels, the type was determined to be norepinephrine and scored 1 point. The non-functioning type scored 0 points. Scores of these parameters (0-2 points for each) were summed for a total number of points with a maximum of 10 points (Table 1) . The individual GAPP point was given based on histological analysis of the tumours. Based on our experience in the field, 2 points were given to findings suggestive of malignancy, 1 point was given to the findings suggestive of possible malignancy and 0 points were given to the findings suggestive of rare malignancy. The total points were then classified into three differentiation types: WD (0-2 points), moderately differentiated (MD, 3-6 points) and PD (7-10 points). This grading system is summarised in Table 2 . For assessment of the pathological grading, sections were thoroughly examined twice, at the initial analysis and 6 months after the first observation, to avoid observational errors.
Statistical analysis
The ztTEST was applied for comparison of tumour size and GAPP score between metastatic and non-metastatic tumours. The correlation between the GAPP score and interval between the initial operation and the time of initial metastasis was analysed using Pearson's simple linear regression and correlation. The correlation between the GAPP score and cellularity, GAPP score and KI67 LI, and Ki67 LI and cellularity was analysed using Pearson's simple linear regression and correlation. Survival of the WD, MD and PD types was compared using the Kaplan-Meier method and log rank significance test. All the individual parameters of GAPP and the corresponding P values in predicting metastasis were examined by multivariate analysis by Pearson's simple linear regression among six groups. Results were considered significant for a P value !0.05.
Statistical analyses were performed using StatMate IV Software (Takahashi Y, ATMS, Tokyo, Japan, 2009). Poorly differentiated type
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Results
Clinical features
The mean follow-up after the initial operation was 3.01G 0.36 years in the non-metastatic group (range: 0-20 years) and 4.97G1.03 years in the metastatic group (range: 0-33 years). The mean tumour size was 5.1G0.3 cm in the nonmetastatic group (range: 1.1-20.0 cm) and 8.7G0.7 cm in the metastatic group (range: 3.0-16.5 cm). The metastatic tumours were larger than the non-metastatic tumours (P!0.001). Catecholamine types produced by the tumours were as follows: epinephrine type in 78 cases, norepinephrine type in 79 cases and non-functioning type in six cases. Metastases were observed in 11 (14.1.0%) tumours of the epinephrine type compared with 28 (35.4%) tumours of the norepinephrine type; thus metastases were predominant in norepinephrine-type tumours. There were six nonfunctioning-type tumours and one of these (16.7%) metastasised. Locations of the metastatic tumours were the adrenal gland in 24 cases (60%) and extra-adrenal regions in 16 (40%). The malignancy rate was 18.9% (24 of 126) in the adrenal gland and 44.4% (16 of 36) in extra-adrenal regions (Table 3) .
Histology
All tumours were scored from 0 to 10 points and graded accordingly as WD, MD and PD types. There were 111 WD, 35 MD and 17 PD tumours. Metastasis was observed in 40 tumours: four WD, 21 MD and 15 PD. The rate of metastasis in each group was 3.6% for WD, 60% for MD and 88.2% for PD. Although most metastatic tumours were PD and MD, four of the WD tumours also metastasised. Of these four WD tumours, three PHEOs had remarkable invasion into the capsular or central vein of the adrenal gland, and one of these three cases had fat infiltration adjacent to the tumour as well as vascular invasion. The remaining PHEO was associated with NF1, and the patient had multiple bone metastases 4 years after the initial operation for adrenal PHEO. The submitted metastatic bone tumour specimen was not satisfactory for pathological examination due to its small amount tissue with necrosis. Although levels of urinary catecholamine metabolites were slightly elevated, it was uncertain whether the metastatic tumours were PHEO or another kind of tumour associated with NF1 because the primary tumour had no necrosis.
Correlation between GAPP score and metastasis GAPP scores of the non-metastatic (nZ123) and metastatic (nZ40) groups were 2.08G0.17 and 5.33G0.43 (meanG S.E.M.) respectively. There was a significant difference between the non-metastatic and metastatic groups (P!0.001; Fig. 2 ). The accuracy of tumour grading of WD based on a score of 0-2 points, MD for a score 3-6 points and PD for a score 7-10 points was confirmed by these data.
Correlation between GAPP score and time until metastasis after the initial operation
The interval from the initial operation to the time of initial metastasis was compared for 40 metastatic tumours. The mean number of years until metastasis was 5.5G2.6. There was a significant negative correlation between the GAPP score and the interval until metastasis (rZK0.438, P!0.01); the higher the GAPP score, the shorter the interval until metastasis (Fig. 3) .
Five-year survival, Kaplan-Meier survival curves and GAPP grading
Five-year survival of the groups was 100% for WD, 66.8G0.2% for MD and 22.4G0.1% for PD tumours. The correlation between GAPP score and survival is shown by the Kaplan-Meier survival curves in Fig. 4 . There were significant differences in survival rate examined by log rank test between the WD and MD groups (P!0.001 and PZ9.74!10 K15 ), the WD and PD groups Correlation between GAPP score and cellularity, GAPP score and Ki67 LI and Ki67 and cellularity
The range of cellularity was from 30 to 370/unit (averageGS.E.M.: 173G89.6), and these data reflect pleomorphic morphology of PHEO/PGL. The Ki67 LI was 1.55G 0.21 (averageGS.E.M., range: 0-15) in the non-metastatic group and 7.29G1.30 (averageGS.E.M., range: 0-40) in the metastatic group. The Ki67 LI was significantly different between the metastatic and non-metastatic groups (P!0.001 and PZ3.99057!10 K11 ). The highest Ki67 LI was observed in the retroperitoneal PGL and had multiple metastases in bones, lungs and liver at 5 months after initial operation.
Correlation coefficient between GAPP score and cellularity was 0.629 (P!0.001), between GAPP score and Ki67 LI was 0.617 (P!0.001), and between Ki67 LI and cellularity was 0.463 (P!0.001). This means that both cellularity and Ki67 LI significantly influenced GAPP scores. There was also a correlation between Ki67 LI and cellularity.
Multivariate analysis among GAPP parameters and metastasis revealed that all six parameters were significant for predicting metastasis. Catecholamine phenotype was P!0.05, and all the other five parameters were P!0.001 (Table 4) .
GAPP scoring for bilateral PHEO/PGL
There were 13 patients with bilateral PHEO. The mean GAPP score of these tumours was 1.77G0.31. There was no significant difference in GAPP score between bilateral PHEO and non-metastatic PHEO.
SDHB immunohistochemistry and tumour metastasis
SDHB negativity by immunochemical staining was observed in 13 (8%) tumours: eight MD and five PD. Of these 13 tumours, 10 (77%) had metastases. None of the WD tumours were negative for SDHB (Table 5) .
Discussion
The mean follow-up in the non-metastatic group and metastatic group after the initial operation was 3.01G0.36 and 4.97G1.03 years respectively and it was valid to compare the histology and prognosis between these two groups. Tumours of malignant PHEO/PGL were larger than those of non-metastatic tumours, as previously described (O'Riordain et al. 1996 , Chrisoulidou et al. 2007 . Our data also indicated that metastases were more common in norepinephrine-producing tumours than in epinephrine-producing tumours. PHEO/PGL tumours may exhibit different biochemical phenotypes because extra-adrenal tumours secrete predominantly norepinephrine whereas adrenal tumours secrete mainly epinephrine (van der Harst et al. 2002) . In this study 38.6% (49 of 127) of the adrenal tumours were norepinephrine type. The metastatic rate of the adrenal tumours was 14.1% for the epinephrine type and 26.5% for the norepinephrine type. All except one case of PGL in this study produced norepinephrine. Norepinephrineproducing tumours lack PNMT (the enzyme that converts norepinephrine to epinephrine) and are considered to be less differentiated than epinephrine-producing tumours based on catecholamine synthesis. Dopamine hypersecretion was considered a feature of immaturity and a marker for malignant PCC/PGL (van der Harst et al. 2002) . 
GAPP score
Figure 2 Comparison of GAPP scores between non-metastatic (A) and metastatic (B) PHEO/PGL groups. GAPP scores were 2.08G0.17 in the non-metastatic group and 5.33G0.43 in the metastatic group (meanGS.E.M.). There was a significant difference between these two groups (P!0.001). 
Figure 3
Correlation between GAPP scores of metastatic tumours and years to metastasis after initial operation. Tumours with high GAPP scores metastasised sooner than those with low scores (correlation coefficient: rZK0.438, P!0.01). Eisenhofer et al. (2012) reported that the plasma level of methoxytyramine, the O-methylated metabolite of dopamine, is 4.7-fold higher in patients with metastases than in those without, suggesting its use as a potential biomarker. Our study also included six non-functioning-type tumours with one (16.7%) case of metastasis. The mechanisms underlying non-functioning PHEO/PGL are not fully understood; however, a deficiency of catecholamine synthesising enzymes was reported (Kimura et al. 1992) . In this study, the metastatic rate in the non-functioning type of tumour was similar to that of epinephrine-producing tumours. GAPP is composed of six parameters; those parameters have previously been examined for significance for differentiating between benign and malignant pheochromocytomas. Ki67, which is a marker for proliferating cells, has been of particular interest and examined previously (Nagura et al. 1999 , Elder et al. 2003 . Ki67 LI range is very wide in PHEO/PGL and it is generally accepted that PHEO/PGL with high Ki67 LI highly metastasize and have malignant course. However, it has been well known that PHEO/PGL with no or very low Ki67 LI sometimes metastasise. That was the reason why Ki67 LI has not been accepted as a single indicator for malignant PHEO/PGL. This study revealed that Ki67 LI in the metastatic group is significantly higher than that in the non-metastatic group. However, the range of Ki67 LI was broad and there was overlap between the two groups. Thus, Ki67 LI should be retained as one of the parameters. This study first revealed that cellularity is a very important parameter, more important more than Ki67 LI.
Histological classification using GAPP revealed that non-metastatic tumours could be distinguished from metastatic tumours with few exceptions. More than 80% of PD and 60% of MD tumours metastasised, compared with fewer than 4% of WD tumours. Thus, WD tumours might be considered virtually benign, whereas MD and PD tumours are likely to be malignant. However, if vascular/capsular invasion is evident, even WD tumours may metastasise. Thus, all PHEO/PGLs should be treated as malignant tumours among which WD tumours are low grade, MD tumours are intermediate grade and PD tumours are highly malignant. Furthermore, Kaplan-Meier survival curves showed that patients with WD tumours had 100% survival whereas patients with MD and PD tumours showed progressively worse survival. This indicates that if WD tumours do metastasise, they grow slowly and the patients have a long survival time after surgery. Thus, it is very important to distinguish WD tumours from MD and PD tumours, and patients with MD or PD tumours should be carefully followed for a long time. For assessment of GAPP score, we observed twice at intervals, and occasionally, there was little difference between first-and second-look grading. If there were minor differences in GAPP scores, the grading was not influenced because there were ranges in grading: scores of 3-6 points are classified as MD and scores of 7-10 points are classified as PD. Such small differences in the GAPP score at second look were within the range of grading.
As Gimenez-Roqueplo et al. (2003) first reported that an extra-adrenal site, recurrence and malignancy were strongly associated with SDHB mutations and suggested that the presence of SDHB mutants should be considered a high-risk factor for malignancy or recurrence, genotype-phenotype correlations in patients with SDHB-associated PHEO/PGL have been closely studied in cases of malignant PHEO/PGL (Timmers et al. 2007) . A malignant PGL was documented in 37.5% of SDHB carriers, 3.1% of SDHD carriers and none of the SDHC mutation carriers (Burnichon et al. 2009 reported loss of SDHB protein immunoreactivity in tumours with HPPS with a sensitivity of 100% and a specificity of 84%. Therefore, by routinely performing SDHB immunohistochemistry, the malignant potential of PCC/PGL associated with HPPS could be assessed with a high degree of reliability. In this study, SDHB-negative immunoreactivity was observed in 13 (8%)   100  90  80  70  60  50  40  30  20  10  0  0  5  10  15  20  25 Years A B C Survival probability (%)
Figure 4
Histological grading and survival probability. Correlation between GAPP grading of the tumours and patient survival as shown by Kaplan-Meier survival curves. There are significant differences between groups A and B (P!0.001), groups B and C (P!0.05), and groups A and C (P!0.001) (log rank test). A, well-differentiated (nZ111); B, moderately differentiated (nZ36); C, poorly differentiated (nZ16); and total (nZ163). tumours, all of which were MD and PD types, and ten of the 13 (77%) had metastases. These data confirm previous reports that the SDHB mutation is a high-risk factor for malignancy or recurrence (Gimenez-Roqueplo et al. 2003 , Neumann et al. 2004 . Although immunohistochemistry is a useful tool, it is also necessary to confirm gene mutations to avoid false-negative or false-positive results because assessment of immunoreactivity of SDHB is sometimes difficult, especially in cases of weak immunoreactivity ).
Regarding bilateral PCC/PGL associated with multiple endocrine neoplasia type 2 and VHL, the GAPP score was low, and there were no significant differences between bilateral and non-metastatic PCC/PGL.
In conclusion, we have demonstrated the ability of GAPP classification to differentiate low-grade malignancies from moderate to high-grade malignancies with different rates of metastasis. Combined use of GAPP and SDHB immunohistochemistry might be useful for the prediction of tumour metastasis and patient prognosis. The concordance rate and reproducibility of diagnosis by GAPP should be validated in further studies.
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